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Dynamical Gluon Mass in QCD Processes

M. B. Gay Ducati and W. Sauter
(1) Grupo de Fenomenologia de Partı́culas de Altas Energias (GFPAE),

Instituto de Fı́sica, Universidade Federal do Rio Grande do Sul,
Porto Alegre, RS, Brazil

Received on 25 September, 2006

We perform phenomenological applications of modified gluon propagators and running coupling constants
in scattering processes in Quantum Chromodynamics (QCD). The modified forms of propagators and running
coupling constant are obtained by non-perturbative methods. The processes investigated includes the diffractive
ones – proton-proton elastic scattering, light vector meson photo-production and double vector meson produc-
tion in gamma-gamma scattering – as well as the pion and kaon meson form factors. The results are compared
with experimental data (if available), showing a good agreement with a gluon with dynamical mass but do not
indicate the correct gluon propagator functional form.
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I. INTRODUCTION

The challenging description of the infrared limit of Quan-
tum Chromodynamics (QCD) is a field of investigation with
important open questions. In the infrared, we need non-
perturbative tools of investigation, as Schwinger-Dyson equa-
tions and lattice field theory, to obtain the Green functions to
avoid the poles found in this kinematic region. For example,
the gluon propagator (as well as any Green function) can have
a different behavior in the infrared. With direct relation with
the Green function, the running coupling constant can have a
frozen value when the momentum goes to zero.

The diffractive processes have important contributions from
the infrared. This class of high energy processes is de-
scribed by the Pomeron exchange. A picture for the Pomeron
which includes the non-perturbative effects is the Landshoff-
Nachtmann (LN) model [1], where these effects are encoded
in the Green functions, modified in the infrared kinematic re-
gion. The LN is employed in the description of proton-proton
elastic scattering and vector meson photo-production. An-
other processes can be described by the use of modified gluon
propagators, as for example, the meson form factors.

To obtain the gluon propagator to describe the above
processes, some approximations are required. A consequence
is that different solutions found in the literature following dif-
ferent approximation. Our goal in this work is to compare
the distinct solutions of the gluon propagator with the exper-
imental data on different processes. These different solutions
includes: Cornwall’s solution [2],
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Häbel et al. solution [3, 4]:
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where Θ is the step function, µg = 0.61149 GeV and ξ′ =
0.9666797; Aguilar and Natale solution [6]:
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where m2
0 = 0.99 GeV2 for the QCD scale ΛQCD = 335 MeV;

Alkofer and collaborators solution [7–10]:
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where ω = 2.5, ΛQCD = 510 MeV, κ ≈ 0.595, γ = −13/22
and α(AL)

s (q2) is the running coupling constant (see below).
The solutions are displayed in the Fig. 1.

The running coupling have a straight connection with the
modified Green functions. The expressions are related with
the propagator employed. The analytical expressions are:
Cornwall [2, 11],
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where ξ≈ 4 and mP (k2) is the massive term of the gluon prop-
agator; Alkofer expression

α(AL)
s (q2) =

1
1+(q2/Λ2

QCD)

[
αs(0)+

4π
β0

q2

Λ2
QCD

×
(

1
ln(q2/Λ2

QCD)
+

1
1− (q2/Λ2

QCD)

)]
, (8)

where αs(0)≈ 2.972 and β0 = 11. The different solutions are
displayed in the Fig. 2
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FIG. 1: Distinct modified gluon propagators compared with the per-
turbative one. The propagators are indicated in the plot legend.
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FIG. 2: Comparison between different results for the running cou-
pling constant. In the detail, two results of the Cornwall frozen cou-
pling with two different ξ’s.

II. ELASTIC pp SCATTERING

To compare the gluon propagator above with the experi-
mental data for the elastic pp scattering, we employ a modi-
fied scattering amplitude (based in [12–14]) to include frozen
running coupling and Regge trajectory of the soft Pomeron,
namely,
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where αP(t) = α(0) + α′(t) is the (soft) Pomeron trajectory
(with α(0) = 1.08 and α′(t) ' 0.25 GeV−2 [15]), Gp(q,k)
is the convolution of proton cross-sections, related with the
Dirac form factor of the proton,

Gp(q,0) = F1(q2) (10a)
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The cross section are given by the optical theorem,
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,
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FIG. 3: Results of the modified model, fitting to the pp elastic scat-
tering data with

√
s = 53 GeV [16] with different gluon propagators

and frozen coupling constants.

III. LIGHT MESON DIFFRACTIVE
PHOTO-PRODUCTION

The ideas employed above can be applied in the light vector
meson production. This process is a good laboratory for the
Pomeron exchange. The modified amplitudes are obtained in
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the same spirit of the amplitude in the above section, based in
Cudell/Royen model [17]. The differential cross section reads
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where F1(t) is the Dirac proton form factor and E2(k,k−∆) =
F1(k2 +(k−∆)2−k · (k−∆)). The massive parameters are
the same as in the pp elastic scattering.

0,0 0,1 0,2 0,3 0,4 0,5 0,6

|t| (GeV
2
)

10
1

10
2

10
3

10
4

10
5

10
6

dσ
ρ/d

t (
nb

 G
eV

-2
)

H1
ZEUS
Cornwall
Habel/Gribov
Gorbar/Natale
Alkofer et al.
Aguilar/Natale

FIG. 4: ρ photo-production differential cross section, compared with
the H1 and ZEUS data [18, 19]

IV. DOUBLE J/Ψ PRODUCTION IN γγ SCATTERING

The double diffractive production of meson vectors in
photon-photon collisions is a clean test for the BFKL
Pomeron, due the hard scale provided by the mass of the me-
son and/or the large momentum transfer. The experimental
possibilities includes CLIC and LHC in the peripheral heavy
ion collisions. The scattering amplitude in the Born level (two
gluon exchange is [20]
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3 , fJ/Ψ = 0.38 GeV, q̄2 =
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4 , µ2 = k2 + Q2/4 +(mJ/Ψ/2)2. Improvements and
applications are made in [21, 22] with the inclusion of full
BFKL amplitude and applications in other processes.
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FIG. 5: Differential cross section for γγ → J/ψJ/ψ using Gor-
bar/Natabe, Cornwall gluon propagators.

V. MESON FORM FACTORS

The meson form factors measure the hadron charge distrib-
ution, defined by
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where TH is the hard scattering amplitude in LO, modified
to include non-perturbative contributions (see ,for example,
[23]),
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φM is the distribution amplitude given by Bethe-Salpeter evo-
lution equation (also modified to include a frozen running cou-
pling),
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FIG. 6: Pion form factor with different propagators in comparison
with the data (see [20]).

VI. CONCLUSIONS

From the results displayed above, we conclude that the use
of a modified gluon propagator in the description of processes

in which soft kinematic scales are relevant is useful. We use
a simple model (two gluon exchange) of diffractive scatter-
ing with modifications to include modified gluon propagators.
The models allows modifications to include the alternative IR
forms of gluon propagator, also in the case of meson form fac-
tors.The massive parameters of the propagator and coupling
constant are kept fixed in the original values in the diffractive
processes, giving different results for different processes. In
the case of meson form factors, a fit to the experimental data
is performed, giving different values for the parameters, but
fitting the data. Despite the crudeness of the model employed
in the description of the data, the comparison of the results
from different models is a (possible) useful filter for different
forms of the gluon propagators. Due to the (possible) depen-
dence on the model employed in the process, our results fa-
vor solutions with a dynamical gluon mass, although do not
discriminate which is the best choice among the propagators
employed here.
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